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I There is much talk about the continuing dominance of the traditional MESFET in GaAs MMICs. Many indus- 
try observers would like to see their predictions fulfilled and this ubiquitous device make way for the HEMT 
and HBT. Such higher performance discrete devices are now commercially available and some are even in the 
brochures for several leading MMIC foundries. But in the main, ICs look set to continue to rely on MESFET- 
based building blocks for some time to come. 
T 
he MESFET shares much 
with the most common- 
place silicon building block, 
the CMOS FET. The extent of the 
reliance of the electronics industry 
on CMOS is almost staggering.The 
total market is worth US$300 bil- 
lion annually - maybe a little less 
when this year's results are all in - 
and scheduled to reach a trillion 
dollars within the next decade. In 
total that makes the FET the most 
successful device of all time. 
Usually such dominance is accom- 
panied by a good deal of inertia, 
meaning that the CMOS approach 
is going to be with us for a long 
time. 
As I said, the MESFET has cer- 
tain characteristics in common 
with the CMOS FET - for a start it 
is currently the pre-eminent GaAs 
electronic device, either in discrete 
form or in ICs (analogue, digital or 
mixed signal). Both devices rely on 
implantation and accurate gate reg- 
istration. While not always straight- 
forward, such techniques are 
highly automated and therefore 
give the requisite high yields. This 
is the key point for success of any 
device. Market success is condi- 
tional on highly reproducible mass 
production and such techniques as 
implantation are closer to the ideal 
than other techniques uch as epi- 
taxial growth. Just as the basic 
processes of crystal growth and 
epitaxy have become workhorses 
for the mass product ion of LEDs, 
implantation serves the electronic 
device factories somewhat better 
than any other at the present but at 
reduced evice design versatility. 
Nevertheless, as is being found 
in the mainstream silicon industry, 
implantation has its limits. And 
CMOS, like the MESFET, needs to 
go to epilayer-based approaches to 
get the next step in performance. 
But this trend is proceeding only 
with reluctance while the very last 
drop of performance is wrung out 
of the traditional device approach. 
There is too much to play for 
when switching to new technolo- 
gies whilst under market pressure. 
Such caution is not prevalent 
everywhere of course. In mobile 
phones, for example, discrete ver- 
sions of the HEMT are being used 
to provide quantum advances in 
performance particularly in RF am- 
plification at very low noise fig- 
ures. But it is now also becoming 
the norm even at the lower fre- 
quencies where a MESFET would 
have been used. This has come 
about as a result of a re-think in the 
approach to design. 
The key advantages of the HEMT 
over the MESFET - such as lower 
noise and higher gain - are now be- 
ing used in mobile phones and the 
like in order to achieve system-level 
product performance/differentia- 
tion improvements.The igher price 
of the HEMT is becoming less signif- 
icant when more systems can be 
sold if the HEMT is used instead of 
the MESFET. 
So too, the HBT has advantages 
in some performance capacities. 
The design phi losophy is that if 
you have these improvements in 
performance it might be worth the 
little extra cost to get a HEMT or 
HBT. When the total costs are 
added up the biggest contribution 
comes from the device processing; 
the source material cost may not 
be that much higher for MBE com- 
pared with implantation. 
For example, you might be mak- 
ing a telephone using 1 GHz compo- 
nents.While an MBE-based device is 
a bit more expensive than an im- 
plant-based MESFET, because it gives 
a performance dge it might be 
worth doing. If you are sure that you 
could sell millions of units you are 
safe. And this happens even though 
it is not actually exploiting the 
fullest high frequency capability of 
the HEMT or HBT. Under such cir- 
cumstances, cost is justifiable if the 
designer could do a better overall 
design with a low noise device like 
the HEMT A good phone designer 
has some freedom to use expensive 
ICs if that gives the performance 
edge to justify better sales. It could 
be that you can sell more phones if a 
more efficient circuit is used, one 
based on epitaxial devices. For ex- 
ample, it is very important hat the 
customer has to change/recharge 
the batteries less often. 
The irony is that many manufac- 
turers may therefore include more 
sophisticated components in the 
cheapest phones. This has impor- 
tant ramifications for processing as 
the increased use of epi-based 
source materials will mandate 
modified processes. The merchant 
epiwafer fabs are going to drive 
the process set-up because they 
are already able to provide 4-in 
and, in a growing number of cases 
(see p. 4), 6-in wafers to optimize 
their own price economics. 
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